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Qutline P.M. Leceivar Ctudy .

| 1.0 Statement of ‘erk
(3) Perfornm an analysis of a Pi receiver which satisfies the

requirements of JPL Specific.tion Gr0-25062-DSN, paragraph

p

L
e
G
A
i

3¢5¢.1e The analycis shall 1 ulnde the b iE SuGH design

A

@

and an investicaticn ¢f the azhisval e dynimic ran - of the
demodulator wideband nhase ¢aiectoce. Tue o ool o =hiall
yield a block 41 acram indis Ui o oase Loreds and bhe
dymamic range of =i;nal ard nolzsy lioeaz,
(L) Concentrate the P.!l. recsiver eaperircruatic: o .0 wluebard
- detector , the trackirg loop i« b ve9ditles bn Ule extent
sufficient to suprort » ralid Fiire i r o ues) woian Suring
a later implemuntétiun pLase.
2.0 Introduction
The P.M. Recei&er block liaz rae Lo incluldee in Section 2.1

Section 2.3 and 2.4 deal with the detailed si-nal -nd neis~ power levels

throughout the receiver an. taeir relatlconshiv te Lhie 5/N matrices.,

by
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Murther, these sections correlate the ussumed linesr power capabilities
of the receiver comvenznts with the /N natrices,

The succeedin,; sections of the revost include the tracking lcop de-
sign, AGC loop desicn ind detailed mechnizati e dowa o f each pacsiver
unit., In conclusion the recaiver specil 2c.l - “me v oorisuer L svena
tions listed.

2.1 P.M. Receiver blcck Diagrom

Flgure 2.1 indicztes the M ezeiver vlaak i woar rhe Masis on-

figuration is essentially ttre s.me as ouvliza in S0 0 oo, GRI-0XE2=000,

The changes are listed velow., The detoiled reaccvs “o-

1 ) < a8 arg e
cluded in the appropriate suceceading seotl ..
1. 2 vaeianle attenuator (0-29 070 pue cadas the Toood

Amplifier.
2. Provision is made to sub:titube a 190 XC filter nrior o
the Inout Ampliifiar,

Je The 13 me refarence oscillator shall be mechanized as a 1

mc oscillator with appropriiate frecuency muitinliers., :
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L. The 60 mc VCO shall be mechanized 25 a 1 me illator

S

Q

with aporopriate frequency multipliers,
5. The »redetection record mechanizaticn shall include an
adaitional stape »f up and down ~unversion,
6. The predetecticnralayburk shad o tmaluce u atiitaonnl
stage of up cenve-sion.
2.2 3/N Sumner Mitrices
The signal to noise ratio capability o £ /N lummer i. *acun in
matrix form in figure 2.2, Oensider figrvre 2,24, THe aorix oo refareé:od
to a noise bandwidth of 3.0 cps (2B = 3.0 ¢rsje Pare S.5.7,3.0 specifies

that the minimum standard loop noice vl oL Ty

s )
[
s
»
Q_—_;
(%}
(o
(4]
=y
b
o]
a
jo¥

at the receiver absolute threshcld {Odb °fN calds in PRI Tunever, tha
loop noise¢ bandwidth must be variadle from 1 to 1000 cos at differently da-
fined thresholds. As shown by motrix 2.24, Odb 3/N is achiaved at the
signal and noise levels of -70 dbm. The S/N Swmmer Sirnal and loise
attenuator's range extond from Odb tn‘aldb ilthough the nmatrix indicates

O0db to 50db, Therzfore, if required, the minimum siznal-level can pe 5X-

-



. .
I S
~ . o N N . . &
- ' W) :
v > A}
. SR 5
Y M ' (BN
1 > » : ~ » .
"\ - - - : r 2 B}
i H AT o
‘ N < r - * EJ ) M
‘ & v . : : ”, -
| . i , N . o iy
\ . < . " 7
d i ; ¥ )
. - . > A a
~ v r “ B
. R \ . s Al N
- . &S .
e : r “ M b
' I ’ . o
= N Y -
.
. A) - had -~
. . oy " ~
i ‘ - t’, -3
' ¥
(B
. . : .
R
~, "~ ' =
| | .
,‘ - .
. . -
. oY
. w - r~ \
[ + R ;
- . B ~ N
. E o N
:. .
N 2 \ - AT
.
- . . -
. ) . - u e
. - > ‘
’ g N - = " 3 L
K J ¢ R 5 -
. . . . R s B
. 3 2 K .
N v - v kS
b R H . p
’ N > Y .
) E .
N > x .
B . H N bl N
‘ . - - FO
, R Y s e
3 9N Q = .« ~
k . '
> , )
- . (O Y
B
r
= r L) 3
. >
. S < ;}_ «
el i b o I - N o
A A - > A £ :1
+ . - + R ¢
- “
. - Ry 3 : -
H A " N [ K . 3
A . - - i »
o
< 2 ) 2 5 o - 2
-3 g » o Y o W, )
B . v by . - A =
] Y f . ) ~ a . 7.
\ N + +* - + N
‘ .o o \ >
PRI Cof & & 3
: + ’ . -~ - N
S (w) Al "
A v N ' }
\n\z £ % -~ B = 3 b
| T et

w

®

. e - m——

o ————

S
-
TR

‘ird":

?Hﬂ*‘n‘-‘ ANETU
- -~ -
T alRY =

Summer  Un

Ny E Fan o AnDTH

43 W EorcTiot oF

| WESTINGHOUSE

; YLECTRIC
! CORPORATION

SK. B

€ ETTRONICS DIVISION
BALIMORE. MD L. 5 A

eag - e ssmeatm 14 Mans nc

—

owery o

>

res e

o A D&

e

L 1 it AL




tended to -8ldbm yieldin: a S/N of -1ldb in a noise banduidth of 3.0 CP3.

The S/N ratios referenced to 2KC, & mc and 10 mc noise pandwidths
are shown in Figures 2.23, 2.2C and 7,20 respectively,
203 Tracking Loop 3ipnal and Noise rowur Tevals

Figure 2,3 indicites the PM Recel. .a rler Tracaing ¢han¢l 3. rmnal
and power levels over the dymanmiz ranse <& the T/H Surrvy,  Juw 1 shows

.

the gain (or loss) of ewuch channel comsonent araw. n the Llock dia
found in figure 2.3. Rows 2 through ? ladicats varicus _voul sioral and
noise levels; Columns iy threugh 21 indi--se the 5ignsi g noise lavels at
the block diagram componzsnts for the i iwied input i 1 ana noisce levols,
Consider Row 2. The minimum unmodul?tcd i e D T T, the nolse

is zeroe. Tracing acruss row 2, the atienustor toss 1x Do nnd e sinal

level at the input amplifier is -~70dbm. The Input Amplifier rajin i3 +16d4%;

-

therefore, the signal level to¢ the 1iib pad is =54dlm ete, Trocing acress
“row 2 to column 22, note thal the nower input te the ohause detecisr is 20dbm
and the limiter is in 6db of limiting on the unmodulated carrier. The

limiter output limit level is Odbm as shown in colwan 20.
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be linear to + 10dbm (3G"). To examine any bloek diagram component fur

. load for various signal and noise power inputq compare row 10 with thé;

:mji‘{ noise pover listed.
: k 4 | B The S/N ##rices Figures 2.2A‘throgﬁ 2,20 Tist “bho minimm unm
g 5 M‘(y _c;.x;rier f;.sv,-?‘Odbm. Row 2, column 7 o>f Figufé Ze3 ind%c;tes thatthom
; vreg'\wilaﬁes tha Inpﬁt Amplifier gain .at l(%db on“th’e‘minizrmm :arfiér. Ro'd3 |

L - colum T‘LVSppﬁa‘that ‘when the carrier is suppressed inib by medulation the .

- Inrmt Amplifier gain is maximum and the rocedver is at AG7 Threshold. 1%

~fore, the maximum allotted carrier’ éuppressior_x attributed to nedulation is = .

! Figure 2.1, the P} Raceiver Block Diagram, lists a variable attenuator .

Es

" prior to the Input mmplifier. The S/N Matrices, Figwre 2.2, indicate the ' -
’ ‘signal dynaml¢ range as -20dbm to -70dbm. An additional lidb carrier dyna= T

% . ‘nmic ramge is attributed to angle modulation, The total carrier dyramic range |

' T ois 6hdb. If the Input Amplifier and A'GC system are designed to aécom«Sda'tel_’ ;

.

. . _‘ . . . - - ) S - ) .
o O I . ’ - ’ Y . R

N



the S/N ratio in 3 ops is Odbm as shown by Figure 2,2A .row 1 column 5,

- The PM Receiver Tracking channel Iévél»Diagram,kFigure 2.3, Row 5 shows

M_ end and tracking loop for Odb S/N in 2 BID ofA3‘cps. A o&ﬁparison of‘iow '

5hdb;variation of carrier level, the Input Amplifier gain must be at

" least 64db. However, as will be pointed out later in this section the
"+ receiver gain at 10 mc bandwidth must be minimized, Therefore, the
dynémic range of the Input Amplifier gain has been establiéhed as 30db.

or l4db to accommodate change in carrier Jeval attributed to angle modu-

lation and 15db to accommodate carrier level changes made in the 5/%

|

Summef.  The input Variable Attemuator range ¢xteads from O 4o 35db., The

' _toﬁal reopivér carrier dynamic range is &53b - 30db 5C ana 35db manual,

' The S/N Matrices, Figure 2.24 and 2,20 show the relative S/N ratios

as a function of the 10 mo recsiver fromt end noisae bandwidih and the
3>cps minimnn tracking loop absolute threshcl.. woise bandwidth., It is I =

‘inpeﬁativi that the tracking loop be tested 2. 3 cps 2 BPLO., Howavor,

what happens to the 10 m¢ bandwidth front end .t tuis 5/N ratio? Figure

' 2.2D, Row 1, column 6 indicates the S/N ratio is -65.2h dbm in 10 mc when

_bhe'relat;vé'gignnl and noise power lavgls'throughdut the receiver front-

10

s
G



e 5 and row 10, Figure 2.3, indicates that the Input Amplifisr and Mixer are

oviflqaded‘on noise by 11.2l; dom and+¥.2li dbm respectively. Thg pfob;qm’

LfA. R is-aptriﬁited to the large difference of noise bandﬁid?h of ths.roceiverr‘

M;;;. ,’};-‘;r§nt'end and carrier tracking channel, The problem would'bécomé more
..Aiffiéﬁlt if tﬁ, Input Amplifier gain were increased to accommodaye ﬁhe}

‘ : ’ » . o
| 6udb carrier dynamic range with the AGC system,

o TR ‘éna solution, 1s to build the receiver I;oht end (Inpui Ahplifier and -
' ﬂixaf) such that noise overload doesn't occur a? é/N of -65.2Ldb 1n 10 mC,
%;he_lignar peak power capabiiit} of £h§ Input Aﬁblifier and méxar WSt be~

»_ﬁoomb #21.2hdbm and 4}h.2hdbm reépectivaly (allowing loépm'of linear power
t;é.;;éb;lity above RMS. noise). Holwever, the S/¥ ratio at the wideband ;ite.mo@u-
; la§§on chanael phase detector is -53db (bme noise bandwidth) undér %hesé

‘conditions., The resulting data from the demodularvion channel is of doubtw

ful value at ~63db S/N ratio. Further, the task of building the Input f
. N : Amplifier and Mixer to éccommodatevthe noise levels quoted, in our opinion, v ot
h:‘ﬁ i‘j is not practical.” An alternate solution 1a-to.provide a IOO_KCinoise band-';'
‘.‘\ » - B - . ‘ ) V . "‘
width filter prior to the Input Amplifier when testing the tracking loop for : o o

-

.

b



\': Odb'S/N‘iq 2 BID of 3.0 cps. The resulting éignal and noise power levels

™" in 100 KC.moise bandwidth throughout the receiver front end and cairipr

traéking channel are indicated by figure 2.3 row 6. A comparison of row 6

and réw 10 reveals that the 100 KC filter preceding the receiver front end
o o ’ : P P ‘

db errload).;

“reducds the noise power'to an acceptable level (mixe: i.24
" The RMS power capability of each unit in the recwsiver front end and the
‘predetection portion of the tracking loop 1& 1isted in row 10 figure 2.3,

,Thé sécond IF amplifier shall be capadle of delivaring 2 watts linear, smali-

v ‘ 4 ) . . 4 . . . ) . .
‘#ignal power (433 dbm). The RMS linear capability is listed aw +23 dbm allow-

ing an additional 10dom linear oapability. Ths same criteris has been avplied

to all the power capabilities listed in row iU fi,ire 2.3,
C ' ' ,
2.4 Demodulation Channel Signal and Noise Power Ievals

ilg’ Figure 2.4 constitutes a matrix correlating input signal and noise

'levels with the receiver front end and wideband demodulator power éépabiltties,_
v The'diagram displays the sare data as figure 2,3 but figure 2.5 is referenced

~ %o the receiver front end and wideband demodulaticn channel.

!_abeusfl, 2 and 3 of Figure 2.4 indicate the dynamic range of all wide-

12
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Lah

irom Odb to -30db in the 6 mo bardwidth, A S/N ratio of -LOch in the & wo

. bandwidth is listed in row 5, figure 2,4, As shown the wixer is ciose to

' -apéciﬁed as the limit of the wideband demodulatsr channel, Numerically

.band demodulation channel comp'onénts shown in the block diagram at the

.bottom of the figure as the noise free carrier is varied from -20dbm to

-84dbm, Row L indicates the noise overloading for a S/WN ratio of -65.24
db in 10 me or =63db in 6 me. If uncontrolled liriting (noise omrl.oadm‘
‘ing) ocours at a S/N ratio of =63db in the & mo Cerodulation bandwidth,

what S/N ratio should the demodulation channel accomnodata? The coznizant

engineer has suggested that the S/N ratios of priacipal interest extends

.

¢

noise overload; however, the other componerics ars helow ite maximim allotﬁsd '

n.

power capacity, Therefore, a S/N ratio of -LUdb ‘r 4 mc nulss fandwidth is'

~this m_eéﬁs that the wid,ebaxici demodulation channel shaiilzi)e?ate witl;x ;:ont;rollﬁd ;
~ Umiting at any point» on the figure 2.2C and 2.2D matrix belgw the :inss in- |
dicated. Further, thié means thaf. the ratios of RMS noise voltage toRIB

: signal voltage at_ the. video out;p.ut of the wideband phase detector shall be -

106/1.
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3.0 Carrier Tracking Loop Design : S

3.1 Limiter Suppression

Paragraph 3.5.1.3.8 b states: “The receiver shall have (4)

standard loop noise bandwidths of 3, 12, 20 and 48 cps in the passive.

configuration defined at the receiver absolute threshold operating point,
It shall be possible to simply and reliably change the loop filter

components in order to operate with eitncr the same bandwidins at different

" threshold points, or with any other loop noise bandwiith fram 1 to 1000 cps .

Consider the selection of 2 BLO = 1.0 ¢rs,  The 3/N ratio in the -
loop noise bandwidth at the receiver absolute tnrashcld is assurad o bo~de.
The predetection noise bandwidth is 2 KC as established by thz narrow band
IF amplifier, The S/N ratio in the predetection bandwidth is simply the
ratio ofbloop noise bandwidth to predetection tsndwidith or 10 Log 1/2000 =
-33db. It is assumed that modulation camponents in the predetection bandwidth
do not add to the noise power. The suppression factor of the tracking loop
s : ves L
limiter, O , as outlined by Martin— is:

0

. | —
i

Po T e Y% (%), . (1)

Since N/S = 2000/1, ~'.= ,02. The limiter suppression factor

. above threshold, -, approaches unity as a limit. , The ratio of limiter

. Ny .
suppression factor at threshold to that above threshold becames;:ﬁ= 02 =y,
. 15
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3.2 Tracking Loop Parameters at Threshold

The specification indicates (par 3.5.1.3.7) that the PM receiver
ioop gain shall be sufficiently large such that the x"esidual loop static
phase erfor is negligible over the normél rec;aiver operating range as de-

termined by the transmitter tuning range and the system frequency instabili-

ties, when the VCO is tuned to its zero-voltage quiescent frequency. The

loop gain stability over this same range shall be within * 3 percent of
nominal,
The relationship.betueen loop gain and residual phaée error is indi=-

cated by equation 2.

ray L | (2) '
vheré L represents the detuning of the ‘ransmitter standard (500 cps)
plus the long term instabilities of the transmitter/receiver frequency
| standards. Assx;ine t.hé specified negligible phase error is assigned the
valua‘vof ong degree, Further, a:;sume that the specified neglizible residual
phase error is meaningful only above threshold. . The no noise loop gain (G)

required is

16
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= /0,000

(3)
= (05 db

G () =

The specilication suz ests that the tracking loop design optimize the loop
at threshcld. Therefors, the no-noise loop gain G (277 Kym Kige Ka ) is

modified to include the limiter suppression as follows: &, = 211 K, Ky,

1

Ko, = 180,000 . G,02 = 3600 Sec. The basic loop relationshipsas outlined

by Martin, Rechtin aini ¢af'fe include:

£ .
€y i [+ 15 S ()
L‘i‘_ . T./ -
- \r G
- '4 X, C = i .
s k) o1 (5)
.7.' L -~ _‘f;_:{_— - . 7,
. o g e - 'f (o)
L
&, = vE
20, (Ps) T L Bl TP s G o n Te i) (1)

Tt follows that for 2BIO = 3.0, 12.0, 20.0 and L8.0 cps with Go = 3600

1/sec the time constants T‘ and Tz become as listed in Table 3.1,

17
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. 0.8

2B T
10 (Sec)
3.0 L50
12,0 12.0.
20,0 10,05
8.0 1,78

TZ 6 5]
(Sec) (1/sec)
3600
0,125 3600
0.075 3600
0.031 3600

Table 3,p Loop Time Constants

3.3 Tracking Loop Parameters Above Threshold

The tracking loon

to noiso'bandwidth at trreshold, Above threshold the Iimi

factor,

» approaches uhity as the limit.

is optimized with regard
iter suppression

fhe lcop gain, damping,

natural resonant frequency and noise bandwidth vary as cutlined uy

S -

Figure 3.1 Lineap

~- ..Z}_______

Phase Model, APC Loop Above Threshold

18

\Ov



',4-':'5.

Equations (4), (5), and (6) on page 16.
sbove threshold G, becams /o, Go
CE(s) = fz/eos £ RE(1+ 2 s ) (1)
. G . - " - — .
7@2 G, <

gt (H_(z/ 3) (12)

-

THE) s igﬁ— = S e (13)

Hes = 200 1 TEen
. ) 2 R
db S ﬁ. - . I . o “
‘/ + _— e~ T . B ‘
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85{,;'2 fp, L5 -3

(15)

| e () Ay <5
J=4(S) = - = o (16)
U . —
“ : — -
ol S R R DI
B ShrtE

(e

0. 707

.2541?_3(;4-2/
: |

|

L ' o
’:.Thp influence of "EV

]

’ 7v1nq;c§ped as follows from equation (14):

o ; | o A -
‘.fﬁ4'Cg// 2 I \”@2
N i — 2

{1?)

_(1&)

{iv)

on the closed lovp resvonge 4~y . ... is
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The plot of H (s8) as a function of k#g' at threshold and above threshold
is indicated in figure 3.2, It follows that the influence of :Z? on 1-H(S)
. a ]
'1s similarly computed from equation (16).
i
. X s / ;’ : o
’ /"@ { ¥ /' /
/ hat /‘7/ (j"li et ;',,, [ -t T Ty, (23) N
' : : S A
a A S .
. L._‘- Q‘ (I}/ ' {.":-c-// __4;‘ /_(»:.‘7,«’
'Ths pi&%Abf l a’H(s) as a function 1y is also indicated in figure
e ‘ E. : .
}3.5; Table 3.2 summarize: the effects of limiter suppreséion on tha 1.0 g
cps no;ée bandwidth loop. e

~Threshold

JZBIC - l‘ o | '1.0.cps
W e
s - 0.707

Fley e e e .
. f + /Ef .. ~den :’E/D?— X

A%ove-Thrgsholﬁ
3307 .Cps )

'6;67 fad/sec

5.0
l -
= .
/‘ + BT
|+ {z”"‘ Mo 70
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E Table 3.2 Summary of iimiter Supprussion

configurations
2810 L

+ l.Qeps 3347 cps 6,67 ifiee . 50

e 3.6 - - 59 15,2 29
; 12.0 . ‘ ' 12008 . ¢ h?v: S . -ui-cb .
20.0 - 157 63, 11,2

N hﬂ.b" 251 23 1.3 k
100,00 1580 1290 1.87

Table 3.3 Effects of Limiter Suppression on Specified
’ Tracking ILoop Bandwidths.

ST 3.k Tracking Loop Filters
The carrier tracking loop filter can be mechanized olther with passive

;'i_‘l: components or an active operational amplifier in association with passive

P

: QIR TN &
Table 3.3 indicates the influence of on tie vari™uc iocp - . 'm
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' compqnonté.‘ Each approach has its advantages and its limitations as
~ discussed below.

[

" The. passive circuit is of the familiar form shown in Figure 3.3.

sl

- T - : , L R PR —— |
.

Fizure 3.3 Passivé Filter
| 'This la'g-iaaﬂ network has the acvantage of simplicity -nd stability
w‘.ltbthe use of precision resistors and capacitiurs. The cizadvantages be-
come apparent in applications requiring lares time consvants,

_ 'For » le for a desired bandwidth of 1 ers {2 B,.) &n¢ an spen

value of {. « (R, +R,) " 15 eyual tu

- where B = 2 iu/&.%. © L. = 4Ol seconds and the value offRI is 40.25

j °¥ megohms, This order of resistance requires special consideration with re-

< ’; gai'd %o class of component and mounting. A leakage path from terminal to '

terminala should be of 40,000 megohms or higher.

24



A more severe leakage problem occurs in the amplifier circuit
‘folf!.ouiég the filter time constants, Depending on the approach taker;
i the‘x;esisténc;os encountered :Ln_such a.“cir?.’:uit coﬁl_d Ye in t}c range of

. thousands of' megohms and leakage requirsrerts near .t.he rmillion mgoi‘zx'v_a
e
o By taking special precaution; in the desién" of tiese low ieakége'
circui‘bs the deéirfad values cal be achiex;ea. Glass sealed rosistors ‘azje,‘

‘ aﬁé;ilablé o values of millions of megohms, . For Ligh res stened in’

e ope‘r'avtional amplifier applications one cuproach which has reen nroven to

" be "e\x’feétivp‘prﬁyvilda'a a grounded strap ncunting which diveft-* surface

. léakege currents to ground while preserving o high termin:i cowstance.

oE

~ For mounting on a printed circuit card it i3 nucess-yv to vee . :lad

P ff‘em,at'arialr which has vﬁegyﬁ low moisture absorption such as teflon, ‘The use i

B FRUR
]‘, LT

: of _ngund separation hetweern temirials and dﬁét proof cqntainers are alp‘o‘ .
"héibfgi.j .
RIS Al'thoﬁ.gh' the above methods can be applied o solve many iéakage.

; fEpr'oblgms it remains difficult to insure that a desired tolerance of 12

2O
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t’.\
’
L
s
v

will be maintained under varicus envirommental conditions, It is de-
sirable %o restrict the resistance values, if possible, to those which
are not excessive where more standard,'less expensive components and
| techniques can be employed.
It should be noted that the leakage proulam Lecomes lcan severe
as the loop bandwidth is widened. For the highor huniwidlhs the passive
filter can be applied ﬁitpout reservation. For the low .andwidihs a more
sétisfactory approach would use the aétiva Yilter includiyg an operational
amplifier, Actually im both the active and passive filiors an amplifier
‘is required. The paésive filte; requires an/isclating amplifisr to proverly

load the passive circuit,

The active filter will take the fcrm shown in Figure 2.k,

‘.*'l 2

— Ny
¥, C|

AN { %_l

—-

*> ——

P ——— e

%

Figure 3.4 Active loop Filter -
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The circuit consists of a high gain dc amplifier with input and

feedback networks to achieve a lag-lesd response identical to the passive

filter. Ideally, the lag corner would not be necessary to loop operation,
However, amplifiers are niever completely free of drift and the dc feed-

- back resulting from R3. prevents the amplifier from drifting to saturat'ion

when the loop is unlocked for prolonged intervals,
The active filter has the distinct advantage of a relatively low
" ‘éutput impedance such that the circuitry which follows will not load the

- filter and degrade its pex;forma.nce.' The filter will be arranged to have

' . -a slight loss of 3.5db by making R = 1.5 R The reason for this is to

pr_evént' overload on low frequency beats wh.ch occur when the loop is un-

1oeked andwhich ui;ll reach an amplitude of + 15 volts pp. 3ince the
‘..»ampvi‘lfiar 1s rated :fo;' only + 10 v'oIts pp it is desirable to take the
'am#ii 1§a§ invéfaar»to keep the filter 11neér.
| Four b;ndu{dtha (2 B, = 3, 12, 20 or L8 cpﬁ) will be selectable
‘IT.'or the ,é#rrier. tfackj.ng loop by a flaxibls patching arrangement which
connect the requirad components for the passive filter or for the input

:’;‘H
3
o

-
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and feadback networks of the active filter. The internal lO'Prd capacitor
o ;will remain fixed for all bandwidths provided internally, External filter
"ﬁ@rrangements cgn-be applied via appropriate terminals at the patch panel,

“Por sach of .the four bandwidths the de gain and lag corner can be selected

. _tb pefhit»é 30 degree phase error in the precence of a SO0 eps f{requency

efror. Slhcd*the phase error would normally oz 1 degree, in order to cause

"a'30 degree error the loop gain must be retucsd and-the liz corner suitably
_ s loop g , :

aorrected.

' TaBle 3.4 1s 3 suwsmary of the lcop filter
péraﬁateré’anﬂ component values for the passive filter shown in Figure 3.5.
e [ o . . :
~* The values shown are also applicable tc the passive: filter indicated in
For botb.filtar configurations the circuit components must be‘high A
quality precision units. The resistors will normally be carbon deposited,
1%, ;ésistors of the RN70B class, WVictorean glass sealed feaistors will

=28 :
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be used for the higher resistance values,
&he capacitor used rmust éxhibit very high insulation resistance with
a capacitance tolerance of 3% or better: The insulation resistance @nat |
be at least 1000 times the highest value of R, in order to degrade R by
no éo?a'than .1Z. Plastic film capacitors with dielectrics of mylar,
polystyrens, or teflon are commonly used in such applicatiqns. Mylar
caéacitors have insulﬁtion resistance times capacitance values of 10
megohm-ufarads at 25°C. The 10 ufd unit %reretore has an inStlatfun
resistance of 10h megohms. The hizhest vaius of R3 in Tavle J.b is 4,03
megohms, therefore, the mylar unit is sui?abla. T@e otier dislsctries
menticned have insulation resistance values LU3aLeY fhal iyt o and cone
sequently are also suitable., The mylar unit will be nhysically smaller
" than'poly#tyrene or teflon capacitors and thersfore is preferred, | ' -
The operational amplifier considered is the Philbrick SPLS6 chopper
stablized unit. The manufacturer states that this amplifier can be con-
ne#te& to provide a de input resistance of 1 miilion megohms, Such an *

amplifier will be suitable in the active filter as well as the follower

29 - »
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amplifier for the passive filter. The low drift, low noise, and wide .

bandwidth make this amplifier suitable for most of the operational S

amplifier applications in the receiver, ' ,j

idter network, including the isolating amplifier for ' i

‘second operational amplifier (SP L56) arranged
£5¢ 35.8 db. Swumed at the input of this amplifier is- L

% which will serve as a VCO frequency contrcl during

|
'
b

A switch will be provided to ground the VCC input to permit setting

the VCO quiescent frequency.
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L.O TRACKING I00P MECHANTZATIUN.

4ol DISTRIBUTION OF TRACKING LOOP GAIN

This section of the study deals with the correlation between

tracking loop equations and the tracking loop hardware, Consider the

open loop gain at threshold, Go, and ahove thrasheld, G, The ahbove

threshold open loop gain must be 180,000 to constrain the residual phase

to one degree when the transmitter carrier

is datuned 500 :ps. The open
loop gain above threshold is expressed by equation 2L,
= y o <’ , v . s \ 3
G wec’ - ST AR e e (2L}

Kh is the phase detector sensitivity in.ziégg

racian

in cyeles » Ka the D.C, amplifier gain in volts/volt and ¥« the freauency
volt sec, ; .

s XV0 the Voo sensitivity "

~ multiplication factor in cps
cps

(Ime mltiplied to 60 mec),

« The latter constant in this instance is 60

fherafors, Kr kveo Ka = 180,000 478, The
60(2—) :

wideband phage demodulator developed for the data demodulation channel

bxhibits a linear voltage transfer of video output to signal input of 40

volts peak to peak, If 75% of the unit's peak capability is used, Km be-
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comes 15 volts . The remainder of t:e recuired gain is divided hetween

radian

the VCO and D, €. amplifier. 4 su:itubie v:ilue of

Thus Ka, the loop armpliflisr gain)beccnen 30

I]le 100p Ealx) C‘--Ixtriu“»-xul “a e re-,n...-a'_-.(\"
the lelaxlceu IIOduJ.tl Lor ’ Crv -?tl(il .‘.leu',l [ .()[ O

included in Km, the nhase detector constant.

“weo is 1.0 cycle o
volt sec.

LOVD SOTNLIAONTS; namely,

vars 1S 02 PP e e
arptiitier anl lincler ane

AN 1 . - g~ E R . - ..
surtter, onins oAt ol

Km is diminished by the Tactor i ARG D s LR G, o loos cain
ik & )
factors Ka and Kveo are constant aliier abave or of wbeestoio vitiin ohs
cenotraints of the linzarity of bYue 00 Aanpls Jier or? 70, e ocaalvic llev
constant, Km veries from 15 volts ab R
radian

Ideally Fl(s) contributes all the mearii;iv. . compy e, Tnon

practical sense the lcop D,C. amplifiier will ~lneaaCui- Logosorier o ng

its 3DB amplitude response. However, thic cornev

sufficientty far , and
,\removeé fronm the principal loop time censtants

A

winl cocur at oa frecuency

will .

4 P -~ » L3
be cf 1itile cuncarn. o

ever, the specification indicztes that the loop nolse bxdvictl may extend

to 1000 cps (fc = 151 cps).

deczdes above 150 cps.

36
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This unit is inside the tracking loop and its amplitude and phase
response must be considered in the loop mechanization. The crystal filter
contributes a complex pole at 1000 cps,

Another subtle loop corner is contiibuted by the VCO, The VCO transfer

function is usually expressed as cho/s; However, in reality the transfer

function is Kvco s Wwhereby %y is related to the crystal's loaded
' S(S/W1+1 '
Q and center frequency, A meaningful derivation Gf the value of WL as g

function of ghe crystal parameters and oscillator sustaining circuit does

not exist. Experimental data indicates that an ﬁpper bound of wl i8 approxi-
mately 0,1 W; for‘a crystal VCO with a relativéiy'low loaded Q. The lower
bound of Wy may extend to 800 r;d/sec for a '?gh'Q crystal thzi is welY
decouplad from the 6scillator sustaining circuit. The unloaded L of the
tracking loop oscillator crystal will be approximately 3.15+6. Tﬂe resulting
value of Wi will approach the lower bound; The additional pols will have
1little significance‘for loop noise bandwidths of 3, 12, 20 and 48 cps.
However, for a loop noise bandwidth of 1000 cps both the crystal VCO pole

and the crystal filter poles will alter the ideal loop transfer function

(of course the 2KC BPF is easily replaced).
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The amplitude and chase response of the 4racking lcop with 2 BID s

1000 cps was computed. The loop was optimized at threshcld with (limiter

suppression) assumed as O.1. The crystal filter and crystal VCO poles were

. . - . -
included.. The loop becane ~mstadle as o« > 1.0.

4.2 Phase Detector

A hizh power phase detector‘was Aevelersd Se Y gzp T, Thg
of this effort was to éspabli“h sractical dvnam o o nge 1o tz.  sints
ended phase detector was fabricated at S0 = as s iwn . Jgun B0, Ihg
principal design goals ol the unit are listzdi :s 72230 .s5;
1. "Ths phase detsctor banawidih sholl Lo n;)ii:ievtly
wide such trat tre cne sl oL L B
termined cnly by the IF chirictn, 171, Thae wideband
IF 3DB bandwidth is snecified as & me with maxinun
variaticns of + 745 within * 1.5 mc of the center
frequency. v Tollows that the phage deotector's 30B bandwidth
must be 3 mc and the\r sncnse must not vary m.re than
+ 0.50B from IC to 1.4 mc.

}
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2. The dynamic range shall be sufficient such that the
tran;rer of video output vs signal drive level shall
be linear to 50 volts,

The video frequency response achieved is shown in figure 4.2,
Further, the linearity and dynamic range of the video output is indicated
in figure L.3.

The video bandwidth is determined by the video output impedance
and the bandwidth of.the signal driver and its input matching transformeri
The bandwidth of the reference‘driva and associated matching transformer
are of little coﬁéeguence asidg from phase stability considerations. The
dynamic range is deterﬁined by the power capability of the drivers, match-
ing transformers and diodes.

The video output impedance was lowered by replacing the usual

video summing resistors with zener diodes. The siznal driver bandwidth

. was achieved by a transmission line transformer and 2CL3 vacuum tube driver,
The capacitive input of the 2CL3 is approximately 7 pf and its linear power
capacity 10 watts. The low input capacity minimizes the matching transformer

- loading and the power capacity contributes to the linear dynamic range of the

S
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As outlined eatlisr this unit was developed for the wideband

demodulator., However, the same techniques arc applicable to the track-

ing loop phase detector and the quadrature phase detector.

The bandwidth
requirements of these latter units is not stringeri; thersfore, the drivers

will be power transistors, Further, the trans.iciicn iine transformer will

be replaced with a conventional transformer,

he3 Loop Amplifier

The tracking loop D. C. amplifier contributes tre loep amplifier
constant, Ka,

The loop amplifier constant was assigned the valve 32 volts
for the tracking loop discussed earlier. This particular

———
voit

value of ¥Ka ccn-
tributed to an open loop gain sufficient to ~custialn ths

ue net
phase error to 1 degree when the transmitter was detuned +

300 eps frem S0
mc. Several laop noise bandwidths are specified. The loop

amplifier will
be arranged such that the amplifier gain can be varied bty sugstituting

different feedback resistors., Other amplifier considerations include drift,

- oy s

bandwidth, overload recovery response and noise., The maximum specified loop

noise bandwidth is 1000 cps and the corresponding loop information bandwidth,
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150 cps, The D.C. amplifier 3DB bandwidth must be sufficient such that
the influence of the amplifier corner is negligible. The amplifier band-
' ‘ width must be 150KC to force the amplifier corner 60DB below unity gain
when fo is maximum. The amplifier closed loop bandwidth is a function |
of its closed loop gain. The amplifier must be capable of providing a
closed loop voltage gain of 100 and closed lucp bzmaiwidth of 15'OKC~
s‘imltaneously.
Amplifier drift wil;L result in static phase errcur batween tie trans-
mitter standard and VCO, The influence of drift is ir;diczted in figure

L.L.

Figure L., Noise Consideration of the Tracking -
. Loop Amplifier
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A typical value of V(DRIFT) is 10C uv ver day for ar orerstional emplifier

that is not chopper stablized. The maximu: vs . ue of K i8 15 va.ts. The

rad
resulting phase error attributed to drift bteccnmes
/100 xtD‘L voLTs |
¢
= . =  o.pzg2° (27)
o - VoLTs } va - il , . '
/S raw e S5 (ro nroiae)

If 2Bjn is 1.0 cps and the noise bandwidtii of the crysva. oo ier iz 2KC

Lo

the limiter suppression —— = ,02. The effective loop multiplie censtant
S o

at threshold becomes > Km = 0.3 volts:" The resuiting phase error

rad
for the threshold value of Km is 1.9 degrees for 100 uv of loop amplifier
drift. This is not acceptable. Stabilized operational amplifiers

exhibit a typical 1 uv drift per week compared to the 100 uv per day

for the unstabilized units. The resulting phase error contributed by



the loop amplifier drift becomes .000382 degrees and .019 degrees as
opnosed tn ,0382 and 1.9 desrees, The loep amplifier shall be chopper
stabilized,

The amplifier overload racovery is impertant dusi-- Zsen owll in,
An amplifier voltage gain of 32 was referencsd in bLhe loop duuipr. Ire
maximum multiplier constant was 15 volts . uring ol Lo it st er

radian

will saturate over a portion of the beat ncte eyt , Gnrefors, lel ot

required to respond after over lead is impcriont, Me <o €iitars ahieg L

preceds the amplifier to avoid noise overleinso-.

The loop amplifier noise contribution is v wde.ie) i e RSN s
tector constant Km in the same manner as the :. . - - T dap bdwl Y

the phase detector constant &5 rmaximum the noize onm LlaLvion 0 the
phase detector is paramount. Howev~r, near tlrcs'.i: tha noise conbricu-
tion of the loop amplifier becomes increasingly import it as ¥: is diwirished.

Unfortunately, the output noiss power density of a transister io invorsaly

16
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Formerly the chopper was a major noise source in stabilized units;
however, recent introduction of the photo electric chopper has overcome
this‘fault. A typical rms noise voltage from DC ﬁo 1KC is 10 uv. The
noise power injected in the loop by the loop ampiifie? is dependent on
the loop noise bandwidth. The amplifier noise cortribution in o locp of

2 By of 1000 cycles will be approximately 6 uv. At minimue ¥a (0.3 volts)
* I .

the resultant VCO phase jitter beccmes o

ity

x-

In conclusiqh, the loop amplifier recovery time must be géc;ptahle and the
bandwidth must extend to 150KC at an open ac. gadn of 100, The closed
loop gain rmust be readily adjustable. The =zrplifisr must be tratsisterized,
chopper stabilized and contribute no more than 10 pv RMS noise (DC to’lKC).
Several commercially available amplifiers meet most of those specifications,
The Hewlett'Pack;rd, Dymec Model DY-2L6OA is unacceptable because of band-
width restrictions; however, the unit meets all the other specifications

plus convenient variable closed loop ain and an approximate overload recovery

47
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time of 100 usec. The Philbrick P-l45 is unacceptable because of drift
limitations. The stabilized version of the Philbrick P-L45; namely, the
SP-456 is advertised as having all the P-l5 characteristics plus chopoer
stabilization. Therefore, this unit shall be the loop amplifier,

L. Reference Oscillator

The reference oscillator spesificasion is aducte? as follows:
"The P.M., receiver reference oscillater shwiIAHAVu a fixed Jreguency cu{nut
of exactly 10mc, Its frequency and phazs shanilily shall se ~unsistant
with the stability rsquirements of ?ar. 3.5 0. ;.j.“;i.f. ‘ve
oscillator shall be tunable plus or mimus 500 cos®,

I

The referenced paragraphs s::nify %the referenca cirillater long

+
term stability as 1 part in 10"7 in L osdmevle Lnuesras

“s

parts in 10+7 messured over a four nows dabsge :wion tine,  The shore
stability recuirements are specified by par. 3.0.1.1.2 as follous: “The
phase stability of the unmodulated transmitter/receiver zair shall re such
as tc cause no more‘than tkree degrees neak error in a noise free phase-

coherent recciver with 2P  of 1.0 cps". The leng term stabiility recuire-




ments refer to each oscillator; namely, the transmitter oscillator and
the receiver reference oscillator. The short term stability requirements

refer to the combLned short term stabilities of the transmitter standard

" tha tracking loop VCO and the reference oscillator.

The long term stability;requirements are'got particularly 2i:ficult
to meet. The short term requirements airc ctate «f the art. The short
term stability of a precision standard is degraded as the cry’stal is pulled
of f frequency. The specification indicates that ‘he reference oscillator
must be variable + 500 cycles from 10mc. £ precision crys§31 can be tuned
zbout + 50 cycles per megacycle. The required tpning range of the reierence
oscillator is meximum. The specification did not state uhether the short
term stability spec applies at the center irequency ¢i tronswiiter/receiver
oscillators or at maximum detuning, We assume the former.

o A§}

The short term stability ( - £ ) of precision oscillators is

specified and measured relaﬁive to an averaging time., The averag;ng time

may extend from a few microseccnds to several seconds. The averaging time

to be considered is related to the tracking lcop error e(s) as a function

- .

" of the noise bandwidth., A plot of 1-H(s) for a tracking loop of 2By, =

.1.0 cps indicates the changes in the Reference Oscillator, Transmitter

. 49 | \ “'L
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Standard and VCO that the loop can correct. ?ha remaining time jitter

of any of the three oscillators will contribute tc the loop phase er;or.

| Figure L.5 indicates that the tracking looplperforms virtually no correction
on oscillator jitter that occurs above 1 rad/sec. The loop error decreases
at 12 DB/bqtave from approximately 1 ral. /aac to‘D.C. Therefore, the short
term instabilities referenced to averaging interv:zls of 1C seconds and by-
yond are important. .

There are two principal sources of ¢rystal csciilator phase nolse
or shori term instability; namely, the crystal and the sustainirg circuit,
The equivalent circuit of a quartz erystal is cithsr 3 series resonant
circuit or parallel resonant circuit dependis. o the crystal loag. For
either case, the circuit resistance can ve reprisznted by a series resistance
which constitutes the crystal's equivalent noiss resistance, The short term ;

a2y
instability attributed to the resultant noise is expressed by equation he.

éf A EN
"F' T“ﬁo E‘$ : (Rg) f

E = Noise volta, e

N

E = Signal voltare developed across the crystal terminals
s .
20 .
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- -~ = Uscillator freauency

e

= Averasing time

‘f:‘/‘ ‘ "
Pyorsg = & = L KTB ~ | A7)
LA °
I, - |
or Eg= L KTB Req’ 22
~ TN o)
ES J Psignal Req ‘

————\,

adf 27T | 4 KT _ (2%
{( - T \ FP@ ;o

P signal = Signal power dissipated in crystal equivalent series '

resistance .

B = crystal bandgidth

K = Boltzman's constant

T = absolute temperature

Req = crystal equivalent series resistance

Q = crystal storage factor

o<
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.
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From equation ¥g, the short term instability is inversely proportional
to the averaging time, Further; a short term stable oscillator must have
a large Q and signal drive power. However, higher frequency crystals have
a iowar Q, therefore the product of fo Q 15 more weaningful. Conziaer a
crystal (Bliley BG93A) with the followin:- characteristics:
o= (3) 10° o S
7, = (1) 20% _ T
P = (10) 107

T = 350°K oven temperature

/ T 2 -2
L+ 2 oy 128 j0 T Sl Y i
R e / o :
3 j ¥ 200 - -~

Figure 4.6 indicates a plot of Zl,/f as a funeticn or the averaging time,
7 . This is the theoretical limit of short term stability of the oscillator
as established by the crystal.

The sustaining circuit will degrade the theoretical performance

of the crystal. The major sources of sustaining circuit noise are listed as

93
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“follows:

(1) 1/f nouise of the transistors (2) power supply ripple

(3) stray magnetic fields (L) vibration (5) loadin- effects
(6) temperature regulation of the crvstal and associated
oscillator circuitry. The latter fuult is net usus’ly a
problem in dealing with short term sta ility (lom tern
stability is another watter); hovever, as cutlined curlier

an averaging time beyond 10 seconds is v;ef rangful for 2 8y, of
1.0 cps. Therefore, temperature variations over a 10 sscond
period within the proportionally tempcr ature contro®ied oven
are important.

The refersnce oscillator sustaining circuit under copsideration

e e e ey

is of the form indicated in figure L.7. ;

o~ I 4*>.
5 I

. ke
. £ 7
L_;,‘ f’* .

e TH I
Z; T

P S - e - .

Figure L.7. Simplified Clapp Oscillater
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F - Iz ~{T+I)2. o

i s \

provided 7« < 1 trassistor input impedance. The transistor enitter~

«

, the emitier current

base voltage is I < , the base current S
becomes:
s T
€ -
"
{0 Iy
Substituting equaticn (&) in (o)
(AT 2, .
= = IZ, 4+ T2, *+ T [ : (42)
i H —-— Y ‘
o /
The input impedance becomes: ‘ ¢
E R -— g .
Z = — = Z‘ + Ta 7 "/':' <. Z ifig)
I N T Y, N
— o
54 3)
1f - and -  are capacitors, equation (5€) becomes:
> .- - - X, . ~ / L o T ’ ! ;
o : 4 : 14
X Lox v )
— _ - _ =z y
i & 7 < y(l fb <y CZ (?
Typical circuit values are: /? =50, !, b =500, i, = -T10,

Ny

. s)
X » -gloo. The latter term of eguation ((%Q) represents the negative re-
c ¢

sistance generated oy the sustaining circuit. A crystal (in this case

o6




almost series reconant) connected acress the input torminals of the sus-

taining circuit is indicated in the equivalent circuit of figure L.E.

ﬂ
wow !

Ny

Laox

Figuwre L.8. ZEquivalent Circuit of Cryshbal and
Sustaining Cirecuit

If the negative resistance of the sustain..; coic.oil o- ;rostor than the
series resistance of the crystal, the circuit .3 ozcilluatory ab tne crystal's
resonant frequency modified by L.y and XeZ‘ An inductarnce whoss susceplance

cancels the susceptance of X*l
, 81

and X » is connected in series with the ecrystal
(&

tc cancel the detuning of Kc and Xcﬂ.

[4

1

The sustaining circuit of a precisiocn oscillator is gain controlled

such that the forward gain is linear over the complete cycle of the sinusoid.

57 Y




This is essential as changes in the nctive devices of the sustaining
circuit are never completely decoupled from the erystal (- i figure
L4.7). Further, the loop gain control accurately establishes the crystal

drive power. A simplified diagram of this system is shown in figure L.9.

ouTruT Ryree %

\\&
¥

csc— ————1{..\’._.9..,._.____.._ 1
:/,4/

-

X

Figwre L.9. Simplified Diagram of Uscillator and
AGC System

The system lis org;nized such that a porticn of the RF output
is rectified, filtered and compared against a reference. The resulting
D.C. error controls the c?ystal drive level by modifying the bias point
of the sustaining circuit. Unfortunately, transistor input, output ad-
mittances are a function of bias (base current), Further the oscillator
stability is slightly modified by changes in the gustaining circuit ad-
mittances. The system is improved if the AGC system changes the AC loop

gain without changing transistor bias levels. A simplified schematic

o8-
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of the reference

N
N , {
: ' i
. ' i
o e e D RPN
s s el '
:\,\,\»’
/
- / ¥ o — .
DL
| et 3
. = C

Figure 4.10.

This arrangerent is essentially Tl
‘ t S\
}

s
LwEt s

L.7 and described in eguaticns Cﬁ%)'through (&

tions are noted:

gain ( o . ;f ) and high input imped-r.ce

',"2 Z
i

slightly off series resonance and its ec..-

ductance in series with a small resistor. A

Simplified Refererce Jazilialor

(1) three emitter Ifoilowers orovide increasec

~Jent. carcuit ig o LT

RS 2 ;?
FUTRSSINE L L 8
1
}
;
/o -y ‘/ .
LN UKy s
H ’ — .
AN R N ST
-
- ¢
. . - -
7 ' .
AA NS e e ~
Vo r—— e ety
.. Pt /
;o .
A A ~ - &
L 4
oy 2 AV . Lt %, My
SAMT A3 IUT caawlee A A ,-,0‘\11”6
w L
o N > - i e
Y. The foilrwing modifina-

P
Py

Fapward

The srysyol i cperated

(2}

trermstor \ R_) regulates
&

the AC loop gain and crystal drive withoub modilying transistor bias leve.s,

Iow noise high frequency transistors

The emitter followers are inherently

supply ripple.

The voltage developed acreds the crystal

| {2.0)
2 volts p to p. As shown by equation a2)

| 59

minimize sustaining circuit noise.

gain stabilized and resistant to power

{ES) is relatively large,
AT

7

is inversely proportional




to Eqe Further, the crystal heating is acceptable as the principal part

of E; is developed across leq, figure L.10.

S
The sustaining circuit provides low output impedance; however,

three additional output buffers are provided to further isolate the load

from the oscillator. The crystal and sustaining circuit are packaged in

a prpportionally temperature ccntrolled oven whose temperature is regulated

at the crystals turning point. The crystal and sustaining circuit shall be

sﬁock mounted and double shielded.

The reference oscillator frequency is specified as 10mc., How-
ever, the crystal selected shall be a'fundamentgl, Imc unit with the

| 15 20
characteristics indicated by equations (bR) thru (54).

The final 1Omc shall be achieved by frequency multiplication of
the lmc oscillator frequency to 10mc. This arrangement is preferred to
generating the reference 1Omc frequency directly at 10Omc with an overtone
crystal for the following reason, The spec&fication demands + 500 cps.

detuning. An overtone crystal is difficult to pull this percentage fre-

quency and maintain the required short term stabllity.

6.0 ‘ ’ \O



The lmc Transmitter Frequency Standard designed during Phase I
included the previously mentioned considerations. The same techniques

will be applied to the Receiver Reference Oscillator and VCO,

A detailed schematic of the 1mc reforcnce oscillator is indicated

in figure 4.11. A comparison of thg ne-sured shert term eo Uility snd
theoretical limit is indicated by figurs L.10.

The short term‘stability of the ezciliatur for :ver i inz timas
less than 1,0 sec., is acceptable. The diverpence ¢ experimsrtal ana
theoretical data at longer averaging times i- unascepteble, The data
indicates that the sustaining circuit meets the varicus rejuiremnents out-
lined eérlier. However, the short term Lis*s-ilityv coniributed by ths‘
oven circuitry and oven packaging is unacceptable, Jorrective measures

include: 1. an improved oven servo reference {internal 1KC oscillator

instead of 60 cycle line voltage) 2. Improved packaging whereby both

the crystal and sustaining circuit are mcunted in the oven,
The details of the measurement test procedure used to measure
the experiméental data indicated in figure L.12 is included in the

Test Plan and Test Instrumentation Report, Appendix K.
61
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The previous discussion outlined the necessary characteristics
of a short term stable oscillator. The various means of achieving these
characteristics were listed. Howevef, the most dilficult portion of the
short term stability specification does not mgntion short term stability

directly but rather specifies allowable phase noise in the tracking loop.

The long term stability specificaticn is not particularly
stringent (S parts in 10*” per four hour period.) The long term stability
of the oscillator discussed was compared to a standard that in turn is calie
brated to the ground wave of ViV, The long term stébility=test set is oute
lined in figure L.13. The long térm stability of the test oscillator was
recorded as 3 narts in 10+8 over é 19 hour §eriod.

The following exceptions are taken to &PL spec. GPG-15062-DSW osar,
3.5.1.12: ®The phese stability of the unmodulated transmitter/receiver pair

shall be such as to cause no more than a three (3) degree peék phase error

62 ol
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‘est-

in a noise-free phase coherent receiver with a 2 BL of 1.0 cus",
inghouse requests that the specificaticn be changed to the followin;::
"The phase stability of the unmodulated transmitter/receiver pair shall

be such as to cause no more than a one (1) degree UD phase error in a .

i
———

noise-free phzse coherent receiver with 2 B, . of 3.0 cps."  [re suacidi-
D AR
~ation chanre is recussted for -the foll.wir  rcnsons s ise reltan

is a more meaningful measurement (2) 4s cutlirod nerlier, the short term
stability is referenced to an averagin- time t -1 is 1nverse 'y nroporiion-l
to the tracking loop noise béndwidth. The oven re~ul 7%icn iy the princinal
ccntributor»to inctabilities at tre lonmier avera:irg time. “le arc not
confident tkat the oven re-ulation car e TiTy to meet the reouiremente of
2 BL = 1,C c»3. Measurerments indicate thist the ilmpreverents aiscussed
earlier will enable the reference oscillatornt\ me2t the instabilities
ictated by a loop ncise bandwidth of 3.0 cps.

LS Frequency iultipliers

The raferernce oscillator shull be lmc for the reasons outlined in

section 3.1, Twu stens of frecusncy nultinlic .ticn x5 and <0 shall be



waks T e e

PR
B

used to achieve the 1Ome reference frequency. The power gain of each

rmultiplier is approximately unity. The parameters cf interest include

short term stability and hqrmonic rejection.

-~

A simplified block diagram of the basic frequency multiplifier

is shown in figure L.1lh.

~

™gure L.1i. Frequency Multiplier
The short term instability (phase noise) of the frequency multi-
pliers contributes to the short term instability of the 1lOmc reference source.
The multiplier characteristics included in the desizn that contribute to ex-
cellent short term stability include; (1) overdriven class A amplifier har-
monic generator (2) class A voltage amplifier and buffer (3) magnetically

shielded cup core transformers. The latter precaution provides protection

68




against stray nagnetic fields that may throad the windings of an open
transf?rmer and induce incidental an;le modulation,

The harmonic suppression referenced to the oubput Trequency is
achieved by intersioge and cutpub filtering., Dre Tirst two interstage

2
filters are transitionally coupled tuo pole netvworks Josigned Lo reject
the closest harmonic LODB. Tach transistor 1ls couplod Yo its intersus;e
such that the transister input oustput suscaptancs 15 whsorbed os a doruion
of the filter reactance., The transistor input -afpis ~onduct nce is trons-
formed 1l.kL, transistor to filter, to mininize filter loasin;. The resultant
A

harmsnic rejection with respect to the outpuy of the L-bme mulviplier is in-

dicated in figure L.15.

Frecuency (mec) “eferr-d o Tug
1 me =90 Y
2 -0

A V2N

6




8 Ay

9 -90

10 45

15 -90
3

20 -90

25 -90

Figure 4.15. spurious levels 1l-Smc Frequency Multiplier
A detailed schematic of the 1-5mc multiplier is shown in figure

4.15. The multiplier is shielded and packaged as a replaceable module.

The unit was developed during Phase I.

The phase noise contributed by two multiplier chains (fabricated

as described) yielded 0,70RIS degrees of phase nolse in a simulated 2 By

of 3.0 cps. The test set for this measurement is indicated in figure L.17.

70
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follow + 500 cps tronsmittes aenaning.  However, oar. 3.5.1,3.7 states that

A
the loop gain must remain witiin + 33 over the same transmitter detuning
range, Clearly ths characteristic of figure 4.18 is not linear to wit+in
hd 33. There are two alternatives, First, a diode function zenera‘or be-
tween the loop amplifier and VOO will approxinste, by gtralyht line segments,
an overall line.r trirsfer of VCO frejusncy to c7ntrol voltages, The final
accuracy of the triwnsfer is dependent on the nurher ¢ segmentu, This
system 1s a common technique used on analog comouters to synthesize log,

square root, square, etc, functinns. This system will ;ield a %ynical full

scale (1'10 ve1lts) accuracy of 4+ 17, This system is evpensive and comolicated

as the diode function zenerator is usually arranzed to -hane the input im- . .

pedance of an operational amplifier as a function of tre nput voltage, .

\ RO

An zlternate approach is available as a result of recent voltage
-

&
variable capacitince development. The HPA divisiocn of Heulett Pazkard has

“devsloped the 1Y) dicde which exhibits a linear irins®er of cnacitance vs

control veltazs ovar a rsstricted dynamie ranpe. it follows Lhnt the L/c

ratio of a crystal onciliator is se lare. that a lineqr change in 3 oas a
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SKEICH SHEEI ST LE-TES Age R
WEBTIMQM

OUSE FORM 26440

Arc: nwve YCO

VARICAP YOLTAGE FREQUENCY
1.O | Y A6, 2
<0 999 96/ 9
0 | T79,9 7.0
40 T79, 723.8 -
5.0 799,777, 2
& .0 797 9797, +
7.C ,000,005.3

g .0 | /,000,07/.0
/0.0 /, 000,020, ¢
| 2.0 | /,000,028 .6
/5.0 o /1,000,037, ¢
30.0 1,000,07/.6

F16. 4.9
75 .
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function of control voltage will yield an approximately linear change in
frequency. The latter apnroach is obviously more desirable; however, to

date no data exists to support enthusiasm,

L.7 First IF Amp and Crystal Filter

The gain and small signal linear powef Qapability of the tracke
ing loop first IF amplifier are listed by the figure 2.3 level diagram as
+31DB and OBLM, respectively. The specified 3DB bandwidth is 2KC. The
phase.fesponse rmust be symmetrical with;n * 3° for frequencies + 6KC of
center frequency, Further, the bandwidth must be.chanéeabla by plug-in
module . Allater éddition to the spec. indicates the following:. "The
wideband and narrowband IF amplifiers must track in phase + 2° over all

operating conditions including noise biasing",

[ 4

The basic IF amplifier building block will be a broadband feed-
‘back oair cr doublet, This unit utilizes both source/load impedance con-
trol and feedback to achieve stable power gain., Figure 4.20 indicates the

basic stage configuration
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Figure ::,20. Feedback Pair
The principal parameiers of interest include:

1., 3DB }éandwidth, 1KC_80Mc 2. Gain Stability, 1 DB over a
temperature range of -55%C to +100% 3. Power gain per stage 10 to
25DB per stage depending on feedback L. Linear Small Signal power capa-
bility ODBM S, Noise Figure  8DB
The first IF amplitude and phase resnonse Fpecified‘will be established
by a crystal filter using two cascaded two crystal semi-lattices, The

narrow bandwidih will yield arithmetic symmetry well past the + OKC points,

The insertion loss will be 2«LDBE.

The combination of three cascaded feedback pairs and crystal filter,
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in our opinibn, will yield an IF amplifier thaﬁ is both gain and phase
stable and resistant to incidental angle modulatiog as a function of : ";lf{
power supply ripple. However, the phase characteristic of the narrow

band IF and the wideband IF are established by their respective input
filters.i The 3DB bandwidtha are 2KC and 6MC. The relative phtse‘responloi
will n;t meet the specified phase tracking specification either in the
presence of noise or otherwise, however, the resultant phase error can
be nulled with the reference frequency phase shifter.

4.8 Li@iter .

The gain, dynamic range, limit }evel and linear power capability of
the tracking loop limiter is listed ip the figure 2.3 level diagram as
42DB, 36DB OD?M and ODBEM respectively.

Two basic tunnel di&devlimitera‘have been developed by Westinghouse

that are applicable. The simplified schematics and corresponding

characteristics are shown in figures 4.21 and 4.22.
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Tunnel Diode Limiter CXT 2

Figure L.22.

If the limiter figure L.21 is prededed by the limiter figure L4.22 the

overall characteristics of figure L.23 results.
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1.

2.

3.

be

70B cf gain per stage.

96DB of dynamic range.

built usinz this technique.

)¢

Figure h;23 Cascaded Tunnel Diode Limiter

Gain
Input Dynamic Range

Limit Level

Frequency Tested
Bandwidth

Power Dissipation:

80

Cascading additional stages of CKT2 simply adds 18DB of dynamic range and
Therefore, a limiter chain consisting of five
stazes of CKI2 ferminated by one stage of CKT1 will yield 42DB of gain and
An eight stage tunnel diode wideband 1;miter was

The characte:istics are listed as follows:

60DB
60D0B

200 W (+ 0.25% variation over
60DB input range)

Up to 100MC
30MC

1/L waft



fabric:ted,

fl)
\
» comparable limiter pat +rne:i after the work of uthrof?l was

A typical amplifier 1limiler stase is shown in fi ure L.2L4., Four

stages were cascaded «nd. the follgwing characteristics achieved,
1. Gain GCLS
2. Input Lynanic Range 60LE min
3, Linit Tevel 200 W -~ (negli;ibie variation

h.

5.

.

Co

witi ODS input chan:e)

vrequensy Tosted up to 10CIT
Band idth 2
Power Dissipatirn 3 uatts

4

™he comnar: siva phase shilt of hotn limiters was reasured at 3I0MD over

5018 change of innut., The tunnel diode limiter exhibited 17 degrees of

phase shift while the conventional limiter phase shifted the 30MC signal

35 degreas over the same dynamic range ~f innub. 1 comparable test for

shift in linl

lover as a function of temperaturc v..oiziicn uas conducted.

(1) mamplitide Hodulaticn Tupnreosion in M S slemut Uy Oo Lo Ruthroff,
The Pell Sysiem Technical Journal, July 155C,
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s

i The tunnel diode limiter lim:-: .-l shifted S.L7 from 2007 ove, &

o ) . s -
! temperature ronge of -30°C ¢ r,0°C. The corventional limiter limit

")

‘level shifted 207 from 23 . ~over the same tenoercture. level. The
tunriel diode limiter i: le.s ténperature sensitive and yiglds lesz nhase
| . | shift as a function of drive level; however, the limit ?evei variation
as a Murction of drive level is infericr tc the cerventional limiter.

The tunrel dioce Yimiter aporooch will be applied t» the “F Test
Console,

| "olo1l Second IF Amplificer

The recuired gain and linear power éapability of the Second

{, I¥ Amplifier are listed on rows 1 and 10 of fijwre C.2 as 20DBi? and a3m.r,
respectively. The recuired power capability is hoyﬁnd the capncity of the
medium pcwer "Feedvack Pair", The rouer arplifici develnped by “lestinchouse
srown in firure 1,25 exhibits rost of tle recuired characteristics. This
unit is not dircctly applicable but =t least prcvides a basis for refine-

| rent, The aemlifier parareter of interest includes:

. , 1; Gain 1n

2) lar:e Sizral Linesrity 3LE cempression of 0.25VRMS
' Input ot fl when 107F'S input

AS
~+
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at £ applied,
<

constrzined to

L) Small Siwrsl Cubput Pover Caupalility
5) Compressicn at 2 wath output
6) Prase lesponse and rhase Linearity

7) Interedulaticn pruducts of twc
C.25 V% inputs

8) Noise ¥igure

f and ¢
1 2

tre band 2-32!1C
L 3

2 1atts

Unknown

Unknowr

7003

8DB

The phase and arplitude resnonse and stability, at least over ‘he

be more thoroushly investigated., This d-ta is es
cecision regarling the application of thic arplifier to the
second IF c~n be rmade.

4.9 Mixer

The rixer speci®icaticn iz repeated s follows

balanced modulateors shall te functinnally equivalent to ide

2 s

1

sential befure g

vand 10 MC + 1CO KC p»lus the compression at tre 2 watt cutput level must

m ux..r. Y hl

tracking loop

"The PM Receiver

-1 voltaze

rultipliers in the tine donudin or translators in the freguency donain such




that all spurious and feedthru products are 60 UB belcw the desired

output”.

The mixer can be analyzed 55 a non-linear device whose non-linearity

characteristic is represented by either a power series or a piecewise

linear characteristic,

Consider the pcwer series representztion, The non-linear character=~

istic is represented bty retaining four terms of a power series.

. N . .
€, a4 + &, +64€ + 4L, ¢ + 0

The mixer inputs are considered as follows:

C+S +7T = C,cose ¥ Sgeos s + T cost

fe)

@

The angles ¢, s and t are considered a measure of frequency with time omitted

for convenience, C represents the mixer local oscillator while S and T re-~

present two frequencies within the information spectrum. Vhen this input

function is substituted into four terms of the power series the following

results,

-

Vza, +alerseT) +alersyT)

3
t G (crs +T)" + 00
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The terms of the power series inu = Hoen expanded and the rosulting
frequencies and coefficier s tsbulated in table L.l. The table indicates

_ that the coefficients cf il sideband pair ¢ + s and ¢ - 8 are:

]

N~

" - 7 «

-— J—

For a mixer follower by a filter tuned to either (c + s) and (¢ + %) or

(¢ - s) and (¢ - t) where s and % are sideband tones ver& close togather;
nearly all the distortion products will be rejected by the filter. However,
there are some combinations of ¢ +2 s *+ t andc + 2t + 8 which fall within
the filter passband and appear as distortion of the desired signal. The .
coefficients of these frequency components are:

:',_ L - Ll:o)

and

fS’/)

The latter terms constitute the spurious and feedthrough referencéd in the
. . .
specification, The principal point indicated by this exercise is that the

magnitude of the spurious components that fall within the passband are a

87




function of ﬁhe Square. of the magnitude of the original mixer input spectrun,
The magnitude of the desired mixer‘sideband output (¢ + s), (¢ -~ s) or (c +¢),
(¢ - 8) is a function of the magnitude of the mixer inout spectrum raised to
the fi;st power, Therefcre, if the mixer input spectrum level is diminished,
the desired output sideband level decreases as a direct function of the input
level, where as the inband distortion decreases as the square of tke inout
level, Therefore, the following conclusicns aré evident. If a mixer can be
built with a non-linear characteristic that is accurately described by the'
first two terms of a pover series, the resultin;: spectrum will contain no
inband distcrtion terms, Furthér, if additicnal power series terms are pre-
sent the inbond distortion terms are reduced more rapidly than the desired
sidebands by simply reducing the mi#er signal drive, The PM receiver mixer
drive level is listed as ~64 DBM in colum 10 of figure‘2.3.

The pieéewise linear mixer is considered in the followin; discussicn,
A typical balanced mixer (sug ‘ested by the 3pecifica£ion) is sh@wn in figure

)-302(“%
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Figure L.,26. ﬁalanced Mixer
The carrigr is much larger than the inout signal plus noise, The carrier
sinusoid is converted to a square wave at the carrier frequency by the mixer‘
diodes. ?he cutput spectrum is the input spectrum multiplied by the Fourier
Series representation of the periodic carrier. It is useful to consider a
modulation functicn, Q:./ﬂ,; s which rmultiplies the input spectrum to
vield the output., The modulation function'is the reciprocal of thé insertion
loss of the ricdulator rogarded as a time function since the loss varies as the
instantaneous value of the carrier. Ideally, the modulation function is a

symmetrical scuare wave which is represented by the Fourier Series

4 P §° Siomuwt

i

3 .
where n is odd and # m is the maximum height of @(t) and w, is the carrier

fréquéncy. The harmonic components of the series multiplied times the signal

92
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spectrum yield the relative aumplitudes of the modulated signal as nfc +f
where fc is the carrier frequency and f the signal frecuency. Ideally the

resulting spectrum is indicated in the simplified spectrum shown in figure

h.27.

,‘ - ’“ﬁ , S —
IR e b L _ LTS

Figure 4.27. Translated Inforration Spectrum
The local oscillator and original input .spectrum do not appear at tke out-
put. However, rejection of the local oscillatof and signal spectrum is de-
pendent on transformer balance and diode match. ‘A ractical limit of trans-
former balance is LO DB (1%) as appolied to the =0 mec circuitry of the input
mixer, Diode balance has been imprcved with the introduction of the hot
carrier diodes, However, a practical limit. of narrcw bané carrisr rejection
by balance is approximately -30C DB. A practical 1imit on the broadbaﬁd input
signal spectrum rejection relative to the desired sideband output is approxi-

mately -20 IB. However, neither the carrier nor si;nal leak is particularly

a3 2 (,j '



objectionable as they fall outside the passband of the desired sidebang,:*j":”
The products that combine and fall within the desired passband (as outlinad‘,'
in the power series éase) are the components referenced in the specificaﬁibh; C

These components are a function of the signal drive level (as outlined in the

A,
gt

case of the power serles representaticn) and the mixer design. The Phase I;‘“‘a v }’

F
’ 3 o “

limited experimental effort and past experience indicates trat the spﬁrious

-

and feedthrcugh products within the information passband are limited to =50  “+% .,

DB with respect to the sideband of interest,

~
M ' ﬁ}i-
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5.0 AGC Loop Desirn

The AGC specificaticns include the following: "The AC locop gain
shall be greater than 20 cver its entire operating range such that the
variation in the colerent receiver output,’measured in the narrowband
IF output shall not vary moreJthan + .3 DB for an input signal level
variation of * L DT about its design center"., "The A2C loop filter
shall be a passtive single-pole kG low nass filter"., "Tie AGo loop shall

have four (L) standard loop noise bandwidths of .01, 0.1, 1.0 and 10 cps",

The filter components shall be changeable and adhere to the component

tolerances of »ar., 3.5.13.8C,

Initially the specified noise bandwidt! and AGC locp gain is expressed
as filter comnonent values, A simplified AGC block diagrom and derivetion

follows

S R G

— ]

n )
|

Figure 5.1 Simplified AGC Block Dizgram




G is the dimensionless product of K. K G, (K, = Recelver IF Giain db
ol S

L

KA = cqheren‘h anplitude detector gain, Vog).ts, G1 = loop amplifier Gain, 7
Volts)., A piecewise linear system is assumed,
ve
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o (s] = G = (S = — -
//D ‘ / Gy |+ T8 DY)
_ | 3 ‘
trz = KRG o (<) > s cq)
C (s) |4 Fo () 4 G s .
,.(1'0‘ '
2AE = 1 e 2 ._
L 2 2 /;" / /'/,-—J/ RS :_:)’)
/".hilm
/ 2 o a 2 |
JHezl ] 2 HeEHES) = = 5
2 z(‘ﬂ. \
(1+6) - TTE
J'N
4 (from o
14 — / 3“ (5) standard 2 R
S ?.Tv"\/' / . / o/S tables)
7 oo Foisl h, (-3)



L (LE. BAS Hee B
| .
-~ = e _— ~
| 5/ T, vl Tt
[
’ - —_— S
| o~ = | i
. ) fagl . ~ ' =
o cda UGG Tw [y gl —d T
. ; 2r -2 -« .
Fnliew) = by (iw) + L. ) - o
‘ , R ‘Y\-l /
boiyw) = Do ol 0 vwi A T (“/9//

| . ‘
a. p
ot b.- 6 2, T 4 - 146 //7)
(°~

26, - 2o L &7 -

. 5’(?1 ?’C’[I-PGJ
i - .o
G 58

97 | | ’M




(AT

6

LA

L9 ¥ ‘
L
W
-
S«
g

5.1 Distribution of Loop Gain

The cpen loop gain G is specifiéd as follows: "The. narrowband
IF output shall not vary more than + 0,3DB as the input traverses + 6DB
change. Further the AGC loop gain shall be greater than 2C over its en-

tire operating range". The Input Amplifier attenuatlon constant (KD %%It )

and the coterent amplitude detector constant (K, “°1¥S) characteristies

oy
mgst be accurately knownvbefore.an accurate desisn can be made. The lollow-
i?g indicates the progedure yith Kﬁ and Xa assumed, KD 1s assumed tc be 12
DB/volt based up;n the experimental performance of a single diode attenuator,
- interstage (one atteruator yielded LDE/volt).

As indicated by line 6 column 18 of figure 2.3, the AGC amplifier
noise input is =7.76¢ DBM uhen the carrier tracking loop is at thresh~ld (&/N
-28.L4DB in predetecticn bandwidth). The AGC ampliliar gain Ls 27.76DF;
therefore, the quadrature phase detectof noise power input is +20DE! and
the signal}power -8.2h DEM. Therefore, the AGC locp will regulate the cuade

rature phase detector signal input power at a nominal level of -8,2) iD.

Tre esvimated peck  curve »F tkn muadrature phase detector at the -3,7LDB

I8 ‘ ’Q;ZL.



volts

drive level is 250 mv. Further, Ka ~pr— at the same drive level is

volts

estimated as .03 pg . If ih2 total dymamic range of the diode atteruator

control voltage extends I{rom -2 to =7 volts to produce ninimum to maximun

attenuation, the AGC loop DC amplifier gain is tentatively established as

outlined in the following table, '

'

; 1. | Range of Input 3ignal level (DEM) -54 to -8L }
i T T
. 2. | Output Variation over Input Signal ~8.2L to =9.7h
S | |
’ level Eanze (DB1) (0.3DB regulaticn
for ODB change of input) ,
5
3. 26C Tuadrature S curve (v peak) | -0.250 to -0.205 -
i
P . ‘f ———
L. | AGC Voltage Range Recsiver Control f -7 to =2

Voltage

Table. 5,] AGC System Dynanic V- ltage Ranges

b

J9



o

'The required loop amplifier gain (6,) is simply line 4 divided

by line 3 or 110, The numerical loop gain (for the previously mentioned

assumptions) becomes

v, 7 .< db - C R
- e . - . —an s
6 - N A :‘L N VC"'}‘ 2 e
Ny Ve
- / i‘?— ¢ .\:)' :: \e ) v
- Vo 1o
- ¢
- -

The loop filter time constants are listed in table ZR. Ths AGC loop is.

non-linear and the loop gain of 40 is maximum, The lcop gain is a function’

"of the signal strengt.h (the loop gain is zero when the received .signal pcuer

is zero)., The gain contrélled amplilier attenuation constant KD is the
prihcipal non-linear element in the loop., The specification sta"c@s thatl Lhe
ninimum loop gain rmust be at least 20 at minirmm signe;l strength, Therafore,
the allowed» ';rariqtion of«KD from mimuxn to rﬂinimum sirnal stren.gt.h is two,
If this variation camnot be maintained, the loop gain at marimum signal

strength must excead LG such that the winimum loop gain is 20. The quadraiture
nguh | P 3

shase detector scale Cactor, Ky is also non-linear. llowever, if the loop

g 100
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within approximately 3DB, Ka is assumed linear,

G e
Lo ('fi%:«f;

gain regulates the signal level variation at the quadrature phasb detactor
’ APC ‘

This simplification is similar to the\loop assumption
that the phase detector constant is linear if the phase error is regulated

within + 30 degrees.

Phe quadrature phase detector scale factor Ka was assumed to be

' volt - L '
.03 Ficire 5.2 is a repetition of the demodulation channel phase de-

*

DB

tector tr msfer of peak to peak beat frequency output' as a function of signal

drive 1evali - The noise power input is +20DBM at AGC loop threshold. The

Bquivalantipe'ak_bea't note (which eorrespbnds to the DC output when the VCO'
“is in lock) is \appfp:;im'ate,ly 6,25 volts. The signal power is -2C.L4DB with
"rebspec“b to. the noiss po:uer'; theréfore, the quadrature phase detector DC
output i8 -26,LDB with respect to & volts or 2L2 mv. ‘A one DB change from
. | mv
2l2 mv is 28.2 mv (K_was assumed to be 30 yoit).
542 AGC Loop Mechanization

The AGC loqp components have been discussed previously in the

report except the Input ainplifier which is described in section 6,0,

R 102



. F S L P B B T

A | | -

- v ———

-

. —————- - e

L
B Y

}
'

.{f

SIGNAL L LEVEL

o e PR B SI “A Q. ”w
4 ! oo Tt . S “L..,*
3 Y . . - - ¥
l@ e e oc./n...,_“ufh
. - - . - . 3. . l.cn §
Lo 5
- - R T 0 Y
o b S "R
i oL : R : NPl
-1 Lyl .o -1 RIS T . .2 W v \‘
) ; - - - .u.L. : ——— T4 X e o« §
Lo oo . i .o —Vo.h . wro_m
s Lo Lo i L . L . . ”1|| e SIS ETRA - E Q \.Nw
i S
; Q¥

N Qurfsiiii.. JT&
103

NATE. ...

¢ e man me—

. e

Fleure galineni

/
RE

) M . . e e .rr... .' N ., .oﬂ, . . u»
A -7 : ) 1

......llsl.llil,.ll!(ﬂl...%.:. N L. —-——— . .. \V...

.- - “ R
. B uw.”..‘--.g
-k . - : .- ¢
. , . - . RPN
-\ LA




U 335 e E

Se3 AGC loop Filter Components

TP
e

As shown in tahlesll the AGC loop filter time constants rAnge
from 2 sec, tc 2000 sec. The simple low pass filter arrangement shown in
figure 5.3 is one solution., The specification states that a passive filter

L)

must oe implemented. Unfortunately, a passive filter is subject to loading;

therefore, an operational amplifier connected as a follower maintains a high

load impedance for the loop filter., If an active filter is acceptable, the
loop amplifier and filter can be combined, eliminating one operati.nal

amplifier and the I:i;l.ter loadin-,
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K 6.0 Input Amplifier

B The principal Input amplifier Specs include the following:

1l. Center Freguency soM
’ .
5 . .
E 2. 3DB Bandwidth 10MC
3. Response + 0,25IB within
L 2MC of SOMC
4. Phese ILinearity ' . Compatible with

Fidelity Spec.

Se AGC Résponse Compatible with S/N
Dynamic Range

’ HE

. TheJPM‘_recei.ver level diagram outlined in Figure 2.3 lists the Input
amplifierchéracteristicg. The required gain is 30DB, AGC range 30DB,
, ;DB bandwidth 1OMCFand linear power capability ODBM. The Input Amplifier
lsha;i consiét of four cascadéa Feadbéck pairs., The principal parameters

~of this unit include the following:

1. 30B Bandwidth. | 1KC ~ 50MC
2. Noise Figure . 9DB (Max Gain)
3. Power Gain 10 tu 25DB depending on

Feedback connection

106 o R




L. Gain Stability 10B oven temperature
. -S5°C to +100°C

5, Linear Small Signal Power Capability ODBl

The frequency’fesponse of the Input Amplifier will be estéblished by
a passive input filter. The filter shall nest the + 0.2508 réguiremént
ovér the band 48 to 52MC with a minimum 3DB bendwidth of 101C. ﬁowever,
aside from these sPecified requirements the filter will have a linear phase
chﬁracterisiiq.

The AGC range will be achieved by Feedback pair interétage diode
attenuators. The design goal overall gain of the unit including the ine
sertioﬁ loss of £he intérstage.attenuators at AGC threshold is 30 Db.
Figure 6.1 ih§ichtes a ;implified diagram of this system. The attenuafors
vield up to 10 DB attcnuation for the ranze of appliéd A5G vaoltage -1 to
-b.5 volts,

This system minimizes the usual prohlems of maintaining bandp#ss and
phase characteristics over the 'GC range,

el loise .igure Considerations

The Input faplifier, interstage dicde attenuator systgm associated géins
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GGwﬁES ﬂ&fw
d losses is shown in Figure ¢.2,
INPUT AMPLIFIER .  MIXER
7 ) ’ - i
F F F ¥ F F F . F .
i ,‘1‘“ 2 .3 b 5 6 7 : 8
| T ’“*]'" P T T ey Cy -
+10DB | ~3DD i #1005 ~30DB +10DB | -3DB | +1008 , | -03B
' cum! s 7 sl T |
L__.___._! R S D L, - “4 B ; : ‘ ‘
G A G A G A o, A
1 1 2 2 3 3 A L

Fizure 0,2. Input Amplifier and Mixer Noise
) . Figwre Characteristics

The forward gain of the fowr cascaded feed?;ack pairs is +40DB. The mini-
mum insertion loss of the three diode attenuators i§ ~9"B and the maximum
insertion loss -39D3. The mixer noise figure and conversion ;?ficiency is
éssumad to ba 15)B and -8DB respectively.

The overall noise [izure ab maximuwni rain is as outlined hy the sguation

belqu.
F-F1+F2'-1 +F3-1+Fh-1 Fs-l +F6-{‘; .+F7-1
Gl | Gl Al Glilgz GlA1<2A2 : G1A1&2A2G3 G1A1G2A2G3A3
+FC-1

G
1A102A2G3A3Gh

109 , _ ‘ “3



L5-355 AER.E

i B Nt
ek | |
' “

.

The Peedback Pair noise figure is 8DB, The diode attenuator noise figure

|
[H‘;; is assumedraS—BDB; -The mixer noise figure is assumed as 15DB,
| o , _
1 ‘1€  7 3
-F = 31,7
’ - 8
) G thro =h G = 1000
I 1 e L
Co A through A = 0.5
r . i i 1 ué, 3
Ah : = Ooll
Tﬁe maximmn gain noise firure is 9NB. At minimum gain, the following
_ chahées are apparent,
)}f'.‘ "L‘ oo hrong}- =
L : Fi<t L2 FT‘ :§'3
| » F8 31.7
G_ through G = 10
1 R
A, through AB.- = 0,05
A = 0, , :
“7 vqh - .11 | -
q;’ The minimum gain hoise figure is approximat-ly 20IB.
- N Meusurewents taken on a similiar system indicated a 10DB noise figure
% o at ma.{:umm rain and 24DB at ninimun zain,
el
)
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AL

The noise power in (KTTU} ip 1 cps bandvwinth is5-174DEM, The racaiver
noise figure degrades this by 2iub (at ninimun ¢ain) to-170D074.  Houwevar,
the minimum power from the /N Swmer in 1 cps bandwidih is -12L.75DEM.

Therefore, the receiver n-ise power is -25,24DB with respect to minimum

Summer noiss,
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7.0 Wideband Demodulation Channel

The block diagram and associated signal and noise nower levels of
the demodnlation chainel are shown in firure 2.4. The Demodulation
Channel signal and noise power levels wers discusted in sectinsn 2.4,

&

7.1 Demodulation Chammel Input Filter

As specified "The wideband IF amplifier shall have a minimum
3DF bandwidth of 6 mc and shall be flat to within + 0.5 db within + 1.5
mc of the contar [reqencies, Its phase resnunss shall be symmetric
within + 5° over the 6 mc passband and sufficicntly linear td meet the
fidelity recuirements of 9&1‘.}.5.1.1.3.

The demodulation channel bandwidth and phase response will be
deternmined primarily by the input filter. The succeeding amplifiers will
be broad band feedback ‘pairs. The Tilter design vill adhers to the
specified amplitude response (+ 0.5 DB within + 1.5 mc of center frequeney),
and épecified phase symmetry., Beczuse of the large nercentage bandwidth
(20%), ordinary low pass to bandpass t,rsmsformti;on cannot be used, Juch a
Ansi~n will yield zeometric not arithretic symnetry. However, estinghouse

has a desiin procedure whereby correction ters are added to the characteristie

112




function and arithmetic symmetry cobained for all frequencies within and
somewhat beyond the passbany, However, in our op.nion the filter should
have a linear phase respcnss (Bessel). The resulting 3DB vandwidth will
extend beyond 6 mc. The -mplitude response and group delay of a i nole
Beésel filter desifned with 0,2 IR anplitude drocp 1.5 nc from center
frequency is indic:te in figures 7.1 and Te2

LS 4

7.2 ‘Widebard Demodulaution Chennel Distribution Zmplifier, Limlter
and rhaze Detector Driver

o
i

w2 4lsiripution wnnlifier prewides a DR powsr split betusen
tre predetection record and the demodulsiion shannel with -n overall gain
of 4DB., Two feedback pairs with an input resistive powcr divider will
constitute the distribution amplifier.

The Asmedulition chanual limiter will Le essentially the same as
tre tracking loop linmiter described in ssction 4.9 except that the nine

liniter stares will be used instead ~7 severn,

7.3 Demodulation Ch-nnel Phace Letcvor

The 4i h nowar -hase et:ctor develoned in Prase I (descrivbed in
par. L.2) will constitute the democu’ itirn shanrel phase detector. A re-

petition of t'e phase datecter video outont vs si nil drive characleristie

113
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is shown in fi-ure 7.3. As shown in colum 21 of figure 2.4 (Demodulation
Channel level Diagram) the phase detector signal drive level is ZObBH.

A3 shown by figure 7.3, 20 IBM signal drive corresponds to 12.5
volts peak to peak video, (Thé wnit is linear to 28.6 DBM drive), However,
the unit is required to operate with a S/N of ~LODB in the predetection
bandwidth. Therefore, the Phase Detector video ocutput will be 4O DB down

from 12,5 or 125 mv peak to peak,

116
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£,0 Predetection Pecord

The predstection record rystem is cwtlined in Figure 2,1, T .9
system deviates from t-e specifiad block dia,ram of figure 3 JPL Specs
nPG 13062-DSN for the following reusons. Figure 8.1 indicates the wide=
band demodulatiop channel spectrum if the full 6 me channal.banduiﬁth is

used, rurther, the same fizure indicstes ths ncdulator outpub as the widee-

sand chaanel is down converted by the 15 me local oscillator,

&

Teme \0 13 2wme c 7 g in 2

Ficure 8,1 Predstection Pecord Spectrums
Note that the rodulation mixer feadthrouzh overlaps the record spectrun centered
on 5 mc, The bLalanced mixer rejection of the ori;inal modulation centered on
10 me is typically 20DB. The reccrded spectrum will include anm overlapoing,
re~ion, If the wideband demcdulation spectrum.doas not extend from 7 to 13

me but rather 8.5 to 11.5 mc as the PM Transnitter 5pecs indicate, then the
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above assumption is erronecus,
If the full 6 mc capahility of the wideband channel is used and over-

lap must be avoided additional stare of up conversion and down conversion

is recommended., The spectral distribution of this system is shown in fi ure

8.2.
!
i
dg , ~‘ T

N SR w7

e i Y !
R N R R .
(e Lowe D0 , i

Fi-ure &,2. Predeﬁection Record Spectrum with an
Additional Stage of up Conversion and
Down Conversion.

The Predetection Recorded spectrum is taken from the wideband channel prior
to the limiter. Therafors, the recorded data is not subjected to limiter
suppression, *

A simplified diagram of this system is shown in figure 8.3.
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R

The Predetection necord system implemented will be determined by tre cognizant

) en-ineer's decision on the maximum required demodulation channel spectrum

bandwidth, :
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9.0 Predetection Playback

The predetection playback system outlined in par. 3.5.1h and figure S
of JPL Spec GPG-15062 is summarized briefly as follows: The tracking loop
VCO is switched from 60 mec to 15 mec and the predetection record spectrum
cantered on 5 me is multiolied by 15 me for processin; in the 10 mc tracking
and demodulation channels., In our opinion, this system has tuwo faults. 1)

The sirnal spectrum and the up converted spectrum are shown in figure 9.1,

= i
e !.
S SN S
|
! - . {
3 P SN n ] It S §
. - B 2. " S jo

Figure 9.1. Predetection Playback-Spectrums
As shown any sisnal spectrum that leaks thru the mixer overlaps the up con-
verted spectrum center on 10 mc, Further, any second order component of the
playback (attributed to distortion in the tape racorder) that leaks through
the mixer will fall within ‘the 10 mc passband of tﬁe tracking loop and wide-

band 10 mc IF amnlifiers, The obvious solution is to simply build the balanced

121
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mixer for 60 DB rejection of all si nal components and (0 DB rejection of

the local osciliator. Local oscillator (single fremuency) rejzction of =40
DB is considered practical and possibly -50 DB with hot carrier diodes;
however, to achieve and maintain this order of balance over the 6 mc s‘i;;nalw
bandwidth is beyond the state of the art. The typical br‘;)adband signal re-
jection attributed to balance is about 20 UB. A systemA that avoids the mixer

balance problem is cutlined in figﬁre 2.1, the Pii Receiver Block Diagram, and

repeated in fizure 9.2.

Vo o e 0r) - = _—
/," ~ . ot Y /'
\-.---.——-——._._.) > I _ \’\ ;
. \ LV S W\
Flring i ric Fro €8 f’
!
b

Fimure 9,2. Block Diagram Modifiad Predetection
Playback System
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Figure 9.3. Predetection Playback Spectrums
with an Additional Stage of Up
Conversion.

This system does not solve the limitations of mixer balance but rather
spreads the spectrun such that the mixer feeglthxough is rejected by the
intermediate bandpass filter. However, in a;l\l fairness this system has the
disadva.ﬁtagc of rejecting the 45 me IO (which is only 2 me removed f?on the
up converted signal spectrum), However, as outlined earlier singls frequency

rejection or balance is easier to maintain that broadband balance.
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10. Fregquency Synthssizer

The Frequency Synthesizer block diarram is shown as a portion of
firure 2.1, the P.M. Receliver Block Diagram. As outlined earlier, the
Reference Oscillator is mechanized as a 1lme oscillator Y5, X2 frecuency
multipliers. The resulting 10 me is distributed as the reference to the
tracking loop phase detectur, the demodulation channel Phase Detector and
~the AGC quadrature phase deteetor. Further, the 1,0 and 45 mc Predetection
Record and Predet.ec?,ion Playback mixer references are derived from the 10
me reference source.

The 1 mc oscillator and frequency multiplier designs have been de-
seribed in earlier sections. The contemplated 10 me distribution amplifier
is outlined in fi~ure 10.1. The 10 mc distribution amplifiers provide unity
power sain and drive three 350 degree phase shifters (Varigon Series V5L)
The vhase shifter insertion loss is 30 iB. The phase shifters ave buffered

from the various phase detectors by power amplifiers with 37 IB gain deliver-

in- +20 DBM, The power amplifiers will be ohase and zain stable units similar

to the tracking 1 op second I stages. The freouency sy'xb:lt.hesizer pouef' and

impedance levels are shown in figure 2.1,

124

; L . ’S.
F v fads ';}
-

O



WESTINGXOU»t FLECTRIC CORPORATION

SKETCH SHEET

FoRm 28577

v —

VY LAY el REST A TOW 2y e X 7Y

t

-~ oS ’
- -1
> { ~0Ss PAY I WA
ae T T N o T .
. uto\ oy b -
: G i . tipd! gy —_— . -
~Nds ;?t ag ..Mi. T \k 4»&4 : _xvﬂ:r Ml i ! r ﬂ.‘ls N ,}.nM.I.KA
) k- \Jvﬁ,?st{l{ al e SUUY , N |
: €« Wi d i
i

—
-
e
—J
WA

r
L SO A
| b
A\,
T H _w

2

125




11,0 Output Amplifiers

The ocutput amplifiers as shown in fijure 2.1, the PM Receiver Block

Diazram, are listed as follows:

1.

24

3.

The units 1 thru 3 wil)l be Philbrick SP 456 statilized operational

amplifiers,

Narrcw Band flodulation cutput amp,
Wideband lModulation output amp.
AM Mcdulaticn outpub amo,

Predetecticn Record outnut amp,

back pair discussed earlier in this report.

126

The »nredetection reccrd amplifier will be a medium power feed-
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receiver tracking lcop gain.

3.5.,1.3.3 Balanced HModul tors

The 1 recoiver shall centain two (2} @ nlanced modulaters,
as shoun in fipure 2.), They shall be Suncticnally eauivilent to ideal .
voltage multipliers ir the time domain, or trunslator:s iu the frecuency
dorain, such it 1) spurious and feedtircugh preducts are 50L3 below
the desired cutpun. Tie referenced spuricus -nd feedtlrcughk products are
reference? to the cutput of the trackin; loop 2¥C filter end ithe dercdu-
lation channel CIC filter and are referenced tci the 2KC nd 619 bandwidihs
respectively.

3e%.0.300 I Arplifiers

a. Narrowband IF

‘he wideband and narrowband IF amplifiers will track in
phase within + 5° over + 33 cps. about Llhe center frequency. At cenier
frequency, the tracking will be within 20 degrees as determingd by the
limiter and AGC phase shift over the dynamiv range of the system, but
it will be possible to manually adjust out this rhase error with the

reference phase shifter,



3.5.1.3.2 Voltage~Controlled Oscillator

a. Frequency

The center frequency of /CO No. 1 shall be exactly QOMC.
The VCO center frequency shall be 1. The final 60MC frequency shall
be derived by X60 frequency multiplication of the VCO freouency.

b, Stability
The frequency and phase statility of the VCU, Reference
. .
Oscillator and Transmitter 3tandard shall be such as to cause no more
than a one (4) degree RIS phase error in a noise-Iree rhase coherent
receiver with 22L of 3.C cps when the three oscillators are at center

{recuency.

c. Manual Tuning

It shall be possible to manualky.tune the VCC for the pur-
pose of initially acquiring the transmitter frecuency and for subsequently
creatin; controlled loop static phase errors as large as # 30o duriny system
testing., The afore referenced static phase error shall be achieved by + 500
ops detuning of either the transnitter standird or receliver VCO and reduced !
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12,0 Specification Excenticus

The Phase I PM Receiver Study indicates that the followin specifica-

2

vion deviations and additions are ajpropriate.

3,5.1.3.1 Input .mplifier

a, Dandwicth
Ty, ta-sband of the SOMC Input Amplifier shall be flat to with-
in + 0,25DB within # 2HC of the center frequency at mid range gain of the
Input Amplifier. The passband shall not vary more than 108 (over the + 2MC
passband) as the Inout Amplifier traverses its “ull range of ~ain control.

- b, Phase Linearity

The Input Amplifier shail have a Besssl Phase Response and
amplitude response as described in 3.5.1.3.1a. The 3DB bandwidth is determi-

-~

nated by tre specifisd amplitude resyonse + 2MC from center frequemj‘v and the

pl.ase response,

ce AGO Response

Tie ain of the Input amplifier shall be AGC controlled over a

range of 30IE. fwnual jain control (independent of the Inout Amplifier)

shall extend the total PM leceiver gain control (’5C and Yanual) to 65DB.

127
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3.501e3.5 The PH receiver reference oscillator shall have a fixed-
frequency output of exactly 10MC, The reference oscillator center fre-
quency shall be MC,., The final‘lom frequency shall be derived by X10
frequency nnlxiplicatipn of the reference oscillator freouency.

3.5.1.3.,6 Phase Detectors

The PM receiver shall have two (2) phase detectors with the
following characteristics,
a. Bandwidth
The tracking loop phase detector bandwidth shall be such that
the one sided output pascband is determined only by the 2KC IF passhand,
The demcdulation cﬁannel phase detector 3DB bandwidth shall be a? minimum of
51C. The amplitude resbonse at 1,5MC shall be within 0.5IB of the response
at IC.
b. Fidelity
The phase detectors shall be functionally equivalent to ideal
vc;'lta '@ multisliers in the time domain consistent with the transmitter-re-

ceiver fidelity specification of 3.5.1.1.3.
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3.5.1.3.8 Lop Filter
The phase-lcck MY receiver shnll have the following loop

characteristics:

a, The reeri-var shall have four stonaard loop noise bundwldths
of 3, 12, 20 =i L% cpe in the sassive 3 nficuration defined ad the re-
ceivar absoivie threshols .»xUT‘ operchin: peint (ODF SR in traciiing loop
neise bonduidb,, it shall be possitle tc¢ =imly wnd reliably chunge e
lcep filter cerwrents In erder to oper-te with oither Lhe s3ne ‘:):'nd'.:idt‘.ﬂ:sa
at difxferent defines Hrrechold nointe or uith any other loop noise ornde
widths frow 1 to 1000 cps. The lovest operaticnal nolse ban #idth ot
ti reshold, defined s OO GMR in the ncise bonduidtih, shall be 3.0 crs.

Furtrer, at noise brndwidths jreater than 100 cps the 2¥U tracking loor,

Ir erystal Cilter nuast Lo changed or the resulting devrndaticn of loop

stohility accepiid.

3.5.1.2.9 crplitwle Jelocter

4. Liverrity

131
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the fidelity specification is referenced to distortion above and beyond
the inherent distortion of a sinusoidal phase detector to an input signal
with a modulation index of + L.

¢. Gain Constant

Each phase detector shall contain a hard limiter such that its
;ain, measured in volts/radian, shall not vary more than + 4 percent over
3608 of limiting in the tracking loop and .0DB of limiting in the demodu-
lation cgannel. Further, the relative phase shift between the tracking loop
and demodulaticn channel attributed to chanyes of limiting dynamic range
shall not evceed 20 dezrees and will be possible to null it out m&nual%y.
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The PM receiver loop gain shall be sufficiently large such that
the residual phase error shall be no jreater than 1 degree over the normal
receiver operatin: {requency range as determined by the transmitter tuning
ranze and the frequency instabilities, when the YCU is tined to its zero-

voltage quisescent frequsnc},
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The relationship between crarrier innut veliage

nd detector cutput voltare s°a’1 be linear to with + 2,57 wnder both

stztic and dymarmic conditions,
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